Summary. A comparison of the age and season at first parturition was made for spri ng\ x=req-\ born female rhesus monkeys and for females born in the fall to mothers who had been laboratory-housed before being transferred outdoors. Females (N = 9) born during the fall had first parturition during the spring and summer, as did all spring-born females (N = 68), and not during the fall as would be predicted if age were the determining factor. A separate analysis of post-menarchial, spring-born females (N = 5) beginning in September at 29 months of age revealed that the ensuing 12 months were characterized by low serum levels of oestradiol ( < 50 pg/ml), progesterone ( < 1\ m=. \ 0 ng/ml), LH ( < 7\ m=. \ 0ng/ml), and FSH ( < 5\ m=. \ 50\g=m\g/ml). First ovulation subsequently occurred in the fall in all subjects at a mean age of 41 \m=.\9 \m=+-\ 0\m=.\1 months, and was preceded by significant elevations in basal LH and FSH, coincident in time with the transition of summer to fall (September). Female copulatory behaviour was restricted to the period surrounding first ovulation, beginning some 2 weeks before and ceasing within 3 days after the oestradiol peak. The most rapid gain in weight occurred during the summer months before first ovulation, and was associated with significant elevations in serum GH and prolactin. These data suggest that season may influence the timing of sexual maturation in rhesus monkeys kept outside in such a way that the occurrence of first ovulation is restricted to the fall and winter months.
Introduction
Sexual development in female rhesus monkeys (Macaca mulatta) is associated with significant physiological changes, with maturation completed when a female attains the ability to ovulate, conceive, and maintain pregnancy. In laboratory-housed animals first ovulation is preceded by a rapid gain in weight and typically occurs during the 4th year, some 3-15 months after menarche (van Wagenen, 1952; Foster, 1977; Norman & Spies, 1981; Resko, Goy, Robinson & Norman, 1982) . The interval between menarche and first normal ovulation, termed 'adolescent sterility', is characterized by anovulatory cycles with extended periods of amenorrhoea and, less frequently, by ovulatory cycles with a short luteal phase (Foster, 1977; Resko et al., 1982) .
The timing of maturity is therefore thought to be governed solely by the development of the neuroendocrine-ovarian system which could occur at any age beyond the time of menarche. In addition to the endogenous changes associated with sexual maturation, however, seasonal factors also may modulate the process. Births occur only in the spring and summer months in multiparous and primiparous female rhesus monkeys housed outside (Wilson, Gordon & Bernstein, 1978; Van Horn, 1980) . This pattern of births implies that conceptions are, in turn, seasonally restricted, occurring 5-5 months earlier during the fall and winter. Data on animals in controlled laboratory settings with minimal, if any, exposure to outdoor cues indicate that season has no effect on the occurrence of menarche and subsequent maturational events (Resko et al., 1982) or that there is a tendency for menarche (Foster, 1977) and ovulation (Terasawa, Nass, Yeoman, Loose & Schultz, 1983) to occur during the fall. Given the distribution of births in animals exposed to an outdoor environment, we postulated that season influences the timing of sexual maturation in female rhesus monkeys housed outdoors. We evaluated this hypothesis by (1) examining the age and season of first parturition in fall-and spring-born females and (2) describing the timing of the hormonal, growth, and behavioural changes which occur in post-menarchial monkeys until first conception.
Materials and Methods
Rhesus monkeys used in the present analysis were housed in 38-1 38-1 m outdoor compounds with attached indoor quarters. General housing and maintenance have been described previously (Gordon & Bernstein, 1973 (Wilson et al., 1978) . Dates of conception were estimated by backdating 168 days from the date of parturition (van Wagenen, 1972) .
Physiological and behavioural correlates of maturity. Hormonal, growth and behavioural data were collected from 5 post-menarchial females from 29 months of age through first conception. These 5 females were all born in the spring of 1977. The females were members of a larger social group containing many adult males, females, juveniles and infants. Collection of the data began in September 1979, a time which marks the start of the adult breeding season in our colony (Gordon, 1981) , and proceeded for the next 15 months encompassing an adult breeding season (SeptemberMarch), a non-breeding season (April-August) and a portion of the next breeding season (September-December). Capture of the animals for obtaining blood samples and body weights was as previously described (Walker, Gordon & Wilson, 1982 (Wilks, Hodgen & Ross, 1979) . Behavioural data were collected for 1-3 h/day, 5-7 days/week, to detect any occurrence of copulations with ejaculation (Wilson, Gordon & Collins, 1982) . In addition, females were weighed once monthly throughout the study period.
Radioimmunoassay s. Serum hormone concentrations were determined by radioimmunoassays. The oestradiol-17ß assay, described earlier (Wright, Collins & Preedy, 1973) , utilized a specific antiserum against 6-O-carboxymethyloxime-BSA. The sensitivity (defined as twice the s.d. of the zero dose) was 25 pg/ml. Recovery values after extraction exceeded 85%. Between-and within-assay coefficients of variation (CV) were 8-9 and 5-1% respectively. The progesterone assay utilized a specific antibody against the llat-carboxymethyloxime derivative of progesterone . Assay sensitivity was 0-2 ng/ml and had between-and within-assay CVs of 12-2 and 7-3% respectively. Recovery values after extraction exceeded 90%. Assay of serum levels of folliclestimulating hormone (FSH) followed the procedure described by Hodgen et al. (1976) and utilized an anti-ovine FSH serum and a rhesus pituitary gonadotrophin preparation, LER 1909-2, as a reference. Assay sensitivity was 2-0 µg/ml and the between-and within-assay CVs were 14-6 and 6-3%, respectively. Serum levels of luteinizing hormone (LH) were assayed as described by Monroe, Peckham, Neill & Knobil (1970) and utilized a rabbit anti-hCG serum and radioiodinated macaque LH (NICHD rhLH). The sensitivity of the assay was 4 ng/ml, with between-and withinassays CVs of 18-2 and 9-3% respectively. Because serum samples were limited, only selected samples were assayed for LH. Serum prolactin and growth hormone (GH) were measured as described by Blank, Gordon & Wilson (1983) . The sensitivity of both assays was 1 -5 ng/ml. Within (Keppel, 1973 (Table 2) . Therefore, although none of the females ovulated until almost 42 months of age, all showed a small but progressive decline in basal serum progesterone levels before that age. No female copulatory behaviour was observed until 16-8 (+ 3-4) days before first ovulation (Text-fig. 1 ). The initiation of copulations for each female was coincident with the rise in serum oestradiol above 80 pg/ml (group mean ± s.e.m. 87-8 + 2-9 pg/ml). Once this sexual activity had begun, copulations by each female occurred daily before abruptly ceasing 3-0 + 0-6 days after the ovulatory oestradiol peak. (Table 2 ). In addition, body weight at first ovulation (5-81 ± 0-25 kg) was significantly higher than the weight 1 month earlier (5-65 + 0-24 kg ; t = 3-15, d.f. = 4, < 0-05). The monthly changes in body weight accompanying maturation were positively related to GH (r = 0-71, d.f. = 10, < 005) and prolactin (r = 0-65, d.f. = 10, < 005).
All 5 females were impregnated at their first ovulation. Four of these females carried the pregnancy to term with an interval between the ovulatory oestradiol peak and parturition of 170-5 + 2-2 days. Age at first parturition for these females was 47-6 ± 0-3 months, which is the typical age at first parturition for spring-born females in the colony (see Table 1 ).
Discussion
The present analysis indicates that the timing of sexual maturation in female rhesus monkeys is influenced by season. First parturition, the endpoint in the chain of events from ovulation, conception and pregnancy, occurs during the spring and summer in spring-born and fall-born females rather than at a specific age. Furthermore, although females may mature at different rates, as indicated by the different ages at first parturition, the process is modulated by season with births being restricted to the spring and summer. This seasonal occurrence of first parturition reflects an ovulation the previous fall or winter.
The behavioural and hormonal data from the post-menarchial females support the conclusion that, in rhesus monkeys housed outside, first ovulation as well as conception is seasonally restricted. We have previously demonstrated that, in this environment, female copulatory behaviour is confined to the late follicular-periovulatory period (Gordon, 1981 ; Wilson et ai, 1982) and is a reliable indicator of ovulation (Walker et al., 1982) . This relationship was supported in the present analysis also, because female copulatory behaviour was limited to a period of about 2 weeks that was associated with the endocrine events at first ovulation in the fall. Significant elevation in pituitary and ovarian hormones, indicative of follicular maturation and impending ovulation, did not occur in the monkeys in the present study until some 41 months of age at the transition from summer to fall.
Significant increases in serum GH and prolactin occurred during the spring and summer months before first ovulation, and these were positively related to the rapid weight gains that occurred during this period. Serum GH remained elevated throughout first ovulation whereas serum levels of prolactin fell to levels observed the previous fall. Elevations in serum GH may not only influence growth rates (Blizzard et al., 1974) but also may be directly involved in maturation of the reproductive system (Advis, White & Ojeda, 1980; Ramaley & Phares, 1982) . In rodents serum prolactin levels also rise before first ovulation (Döhler & Wuttke, 1974) . Indeed, hyperprolactin¬ aemia induced in immature rats results jn precocious puberty (Advis & Ojeda, 1978) . In addition, the rise in serum prolactin in lambs exposed to long days (16L : 8D) is associated with a more rapid gain in weight per unit of food eaten, suggesting that photoperiod may interact with prolactin to influence weight gain during puberty (Schanbacher & Crouse, 1981) . Therefore, as has been shown in rodents, GH and prolactin may be actively involved in sexual development in rhesus monkeys, not only in terms of somatic growth but also possibly in maturation of the neuroendocrine system. It is not possible to determine whether the endocrine changes observed before first ovulation by the animals in the present study reflect merely advancing age or are modulated by seasonal events. But these data, coupled with the analysis of maturation in spring-born and fall-born females, suggest that the events accompanying first ovulation in rhesus kept outside are influenced by seasonal changes.
Previous work from laboratory-housed rhesus monkeys suggests that the timing of maturation is not influenced by external cues but is simply a function of endogenous changes (Foster, 1977; Resko et al., 1982) . Other data on laboratory-housed rhesus indicate that 85% (N = 53) of first ovulations are restricted to the months of October-January (Terasawa et al., 1983) . A distribution such as this could reflect an age-related effect or a clustering due to some variable independent of age. Since laboratory conditions are typically 12L :12D with constant temperature, humidity and minimal, if any, exposure to outdoor environmental cues, the mere tendency of a seasonal occurrence in first ovulation suggests that some endogenous circannual rhythm (Gwinner, 1981) may be controlling the timing of puberty. Such an endogenous rhythm, not entrained by environmental cues, accounts for the variation in serum LH and the annual reproductive cycle observed in ground squirrels (Zucker & Licht, 1983) . However, our data suggest that environmental variables play an important role in the timing of maturation, as indicated by the occurrence of first parturition in the spring for fall-born and spring-born females and the direct observation of first ovulation in the fall.
All 5 females in the present analysis had normal luteal function at first ovulation based on serum progesterone levels. This finding contrasts with observations from laboratory-housed rhesus in which some initial ovulations are characterized by abnormal luteal function (Foster, 1977 ; Resko et al., 1982) . Similar periods of abnormal reproductive function before fertility onset is reported for young female marmosets (Callithrix jacchus; Abbott & Hearn, 1978) , chimpanzees (Pan troglodytes ; Young & Yerkes, 1943) , and women (Metcalf, Skidmore, Lowry & Mackenzie, 1983) . The occurrence of such abnormalities in laboratory-housed monkeys may be due to environmental influences, analogous to the abnormal ovulations observed when lambs are prematurely exposed to a photoperiod which stimulates the occurrence of ovulations (Foster, 1983 
